INTRODUCTION
============

Cellular senescence, first identified a half century ago, was originally characterized by the inability of human normal fibroblast to divide despite the presence of mitogens [@B001]. Although senescent cells have irreversibly lost their capacity for cell division, they are viable and remain metabolically active, a phenotype referred to a replicative senescence (RS) [@B002]. In general, RS is attributable to telomere erosion and has been suggested to represent a defense mechanism that limits the expansion of older cells containing potentially dangerous mutations [@B003]. The other type of permanent growth arrest is stress-induced premature senescence (SIPS), which occurs rapidly in response to various stresses [@B004]-[@B006]. Whereas the transformation of primary cells by oncogenes requires either the cooperation of other oncogenes or the inactivation of tumor suppressors, oncogenic Ras is known to promote premature senescence if accumulations of p53 or p16 are sufficient [@B005],[@B007]. Loss of tumor suppressors also leads to cellular senescence, both *in vitro* and *in vivo* [@B008]-[@B010]. In agreement with these results, it has been suggested that SIPS functions as a barrier to tumor growth and recurrence. The signaling pathways that promote RS and SIPS appear to be more similar than different [@B006]. However, whether upstream senescence sensors, mid-point transducers, and downstream effectors overlap in each of the senescence pathways is not clear.

Current research indicates that chemotherapeutic drugs and ionizing radiation induce SIPS in cancer cells [@B011],[@B012]. Since the amount of drug or dose of radiation required to induce senescence is much lower than that necessary to kill cells, senescence-inducing treatments offer the advantage of enhancing the efficacy and decreasing the side effects of anticancer therapy. Despite the tumor-suppressive potential of cellular senescence, senescent cancer cells secrete a characteristic profile of cytokines, growth factors and proteases, collectively termed the senescence-associated secretory phenotype (SASP). SASP influences tissue microenvironments and stimulates tumorigenesis, angiogenesis, epithelial-to-mesenchymal transition (EMT) and metastasis *in vitro* and *in vivo* [@B013]-[@B015]. Conversely, the anti-cancer function of SASP contributes to tumor cell clearance by the immune system [@B016]. Therefore, the implications of SASP for tumor progression can be both complex and subtle. Indeed, special attention must be paid to SASP in considering targeted approaches to inducing senescence in the clinical treatment of cancer. Here, we review the current understanding of the molecular mechanisms, functions, and clinical applications of cancer cell senescence for anticancer treatment.

CELLULAR SENESCENCE: A FUNDAMENTAL ASPECT OF CELL BIOLOGY
=========================================================

Traditionally, aging has been defined as a collection of degenerative pathologies that lead to losses of tissue or cells and the decline of physiological functions, thereby accounting for the majority of morbidities [@B017]. It is well established that aging is also the biggest risk factor for cancer [@B018]. Thus, understanding the cellular and molecular biology of the aging process and the development of age-associated human diseases is more important than ever. Nevertheless, a full characterization of aging mechanisms and a complete understanding of the underlying complexity of the aging process have remained out of reach. Recently, Lopez-Otin and colleagues revisited the concepts of aging, with a special emphasis on categorizing the hallmarks of aging illuminated by recent discoveries in the field of aging research [@B019]. These modern hallmarks of aging include genomic instability, telomere attrition, epigenetic alterations, loss of proteostasis, deregulated nutrient sensing, mitochondrial dysfunctions, stem cell exhaustion, altered intercellular communication, and cellular senescence.

Cellular senescence, which is caused by continual stresses and damage from various stimuli and gives rise to a state of permanent cell-cycle arrest, is a central event in the aging process. This observation was initially made by Hayflick and Moorhead, who reported that the proliferation potential of human embryonic fibroblasts in a cell culture system was limited [@B001]. Although cultured cells reach a proliferative limit, termed the Hayflick limit, they remained viable and lost their original morphology, becoming enlarged and flattened with increased volume and granularity. This phenomenon, which follows an extended lifespan in cell culture, has been termed replicative senescence (RS) [@B003]. The shortening of telomeres at each cell division suggested that the molecular mechanism of RS is telomere erosion, which is essential for recording the number of divisions. Following the discovery of the telomere-based mechanism of the Hayflick limit, subsequent studies have demonstrated that cells can undergo a rapid senescence process in response to numerous physiologic stresses. These studies revealed a second type of senescence, generally termed stress-induced premature senescence (SIPS). It has been suggested that SIPS is a telomere-independent process promoted by DNA-damaging agents, oxidative stress, chemotherapeutic drugs, irradiation, and overexpression of oncogenes in normal and cancer cells [@B004]-[@B006]. Specifically, senescence-inducing stimuli are potentially oncogenic, and cancer cells acquire essential mutations that allow them to escape oncogene-induced senescence. For example, elevated proliferative signals by oncoproteins such as Ras, BRAF, and AKT facilitate oncogene-induced senescence [@B004],[@B007],[@B020],[@B021]. Loss of tumor suppressors, including PTEN (phosphatase and tensin homologue deleted on chromosome 10), von Hippel-Lindau (VHL), and retinoblastoma protein (pRb), are also phenotypic features of cellular senescence [@B008]-[@B010]. Thus, both RS and SIPS almost certainly create barriers to tumorigenesis. Because cancer is an aging-associated disease, senescence can function in the opposite sense to promote tumor formation [@B013],[@B015],[@B016]. However, it is currently impossible to unequivocally answer to the question of whether the SASP is pro-tumorigenic or anti-tumorigenic.

The fact that the expression of various genes is altered by cellular senescence and various cytokines, growth factors, and enzymes are concomitantly secreted creates an important opportunity for the development of biomarkers for cellular senescence [@B022]. Recent improvements in genomics and proteomics have enabled the identification of senescence-specific proteins that may be of practical value in diagnosing senescence. However, although several candidate biomarkers have been discovered, a few specifically define the senescent state. The first senescence marker identified was senescence-associated β-galactosidase (SA-β-gal) [@B023]. While there are some limitations on the use of activity assays for this enzyme, this marker can be sensitively detected by histochemical staining in most senescent cells and tissue. In addition to negative regulators of the cell cycle, such as p15^IK4b^ (p15), p16^INK4a^ (p16), ARF and p21^Cip1/Waf1^ (p21), differentiated embryonic chondrocyte expressed-1 (DEC1) and decoy death receptor-2 (DCR2) have been identified as senescence indicators [@B024],[@B025]. Recently, our group also identified cathepsin D and eukaryotic elongation factor 1 as promising markers for the detection of cellular senescence induced by a variety of treatments [@B026]. The search for such markers continues, since a well-established set of definitive senescence biomarkers could clearly have a profound impact on the diagnosis, staging and prognosis-assessment of age-related diseases, providing a basis for therapeutic intervention in such diseases.

MOLECULAR PATHWAYS OF CELLULAR SENESCENCE
=========================================

Considerable research effort has been devoted elucidating the molecular mechanisms of senescence, and many genes whose expression is altered in senescent cells have been identified [@B027]-[@B030]. In most of these studies, it is not clear whether such altered gene expression patterns are unique to senescence, or instead are involved in limiting cell proliferation. Moreover, there is little concrete evidence to establish whether these changes in gene expression are a cause of senescence or merely a consequence of it. However, numerous recent studies have provided important insights into the molecular pathways that lead to cellular senescence [@B017],[@B031],[@B032].

Importantly, the combined activity of two central proteins in cellular senescence, p53 and pRb, could determine whether cells enter senescence or a cell death pathway [@B033],[@B034]. Both of these tumor-suppressor proteins are activated in response to telomere shortening and various stresses---the first step toward senescence. Recent evidence suggests that telomere shortening triggers a DNA-damage response, resulting in the activation of ATM/ATR and Chk1/Chk2; this, in turn, leads to activation of G1 checkpoint mechanisms, including phosphorylation of p53 [@B035]. An important target of p53 is the cyclin-dependent kinase (CDK) inhibitor p21, which antagonizes the activity of several cyclin--CDK complexes and can arrest cells in both G1 and G2 phases of the cell cycle [@B036]. The upregulation of p21 during RS or SIPS via both p53-dependent and -independent mechanism is associated with telomere shortening and DNA damage [@B037],[@B038]. Overexpression of p21 can induce a senescence-like cell-cycle arrest, whereas depletion of p21 can delay senescence-associated arrest. Collectively, these studies suggest that p53 functions in senescence, at least in part, by inducing p21. Interestingly, in contrast to human cells, mouse embryonic fibroblasts carrying a p21-null mutation undergo senescence normally, suggesting that p21 is not a critical downstream effector of p53 during senescence in mouse cells [@B039],[@B040]. Inactivation of pRb is often required to avert senescence in human cells, suggesting that pRb is crucially involved in senescence pathways [@B041]. Cell-cycle progression is primarily regulated by CDK-mediated phosphorylation of pRb. Phosphorylated pRb releases the transcription factor E2F, allowing it to activate the transcription of genes necessary for DNA synthesis and cell-cycle progression. Therefore, the hyperphosphorylated, inactive form of pRb is required to allow entry into the cell cycle. In a senescent state, pRb protein is found in the active, hypophosphorylated form, which binds E2F protein and thereby blocks transcriptional activation of its targets, most of which are effectors of cell-cycle progression [@B041]. pRb phosphorylation is prevented by inhibition of CDK activity by negative CDK regulators such as p21 and p16. Importantly, how the activation status of p53 and pRb determines whether a cell "decides" to senesce is a complex and incompletely understood process.

The INK4a/ARF/INK4b locus encodes three proteins, p16, ARF and p15, which are important inducers of cellular senescence [@B042]. This locus is normally expressed at a very low level, but shows markedly increased expression with aging. Notably, there is an interplay between the proliferation-limiting functions of these proteins and pRb and p53 tumor suppressors that operates via diverse mechanisms. p16 was first found to be increased in most aged mammalian tissues and senescing fibroblasts, and later was found to be increased in oncogene-induced premature senescence [@B043]. There is evidence that p16 might play a backup tumor-suppressor role for p53. p16 acts in the pRb pathway by inhibiting the activation of CDK4 and CDK6, which in most physiological situations is presumed to be the initial step in pRb phosphorylation [@B043]. Thus, the function of p16 is to keep pRb in its active, growth-inhibitory state, which in turn blocks the expression of genes regulated by the E2F transcription factor and imposes a G1 cell-cycle arrest. Like p16, ARF is induced in cellular senescence by various stimuli. ARF sequesters the MDM2 protein, an E3 ubiquitin ligase for p53 that promotes p53 degradation; in so doing, ARF positively regulates p53 levels and thereby enhances its activity [@B044],[@B045]. The emerging notion is that the p53-p21 pathway is primarily responsible for senescence induced by telomere shortening or DNA damage, whereas the p16-pRb pathway is partly responsible for mediating SIPS. Cell populations in culture experience telomere shortening, as well as other stresses, to varying extents. Depending on cell type, culture conditions and the extent of stress, inactivating the p53-p21 or p16-pRb pathway, separately or together, is necessary to avert senescence ([Fig. 1](#F0001){ref-type="fig"}).

THE SENESCENCE-ASSOCIATED SECRETORY PHENOTYPE: PRO-TUMORIGENIC OR ANTI-TUMORIGENIC?
===================================================================================

Since senescence represents a permanent exit from cell proliferation, it might seem as if its contribution to age-related pathologies is passive. However, senescent cells express various secretory proteins, such as cytokines, chemokines, growth factors and matrix-remodeling associated proteases, that alter tissue microenvironments and/or are vigorously involved in tumorigenesis [@B013],[@B015], giving rise to the innovative concept of the senescence-associated secretory phenotype (SASP), first proposed by Campisi and colleagues [@B013],[@B014],[@B016],[@B017]. Initially, it was reported that senescent fibroblasts increase the tumorigenesis of human mammary tumor cells, probably via molecules secreted by senescent cells [@B046]. An examination of the cellular signaling pathways that activate the SASP suggests that the DNA-damage response and downstream activation of ATM are sufficient to activate several SASP-related factors. Furthermore, transcription factors such as NF-κB and C/EBPβ occupy the promoters of several cytokine genes in senescent cells [@B047]. How these factors are activated in response to senescence-inducing stimuli and subsequently dictate transcriptional changes in senescence remains to be determined.

![Stress-induced premature senescence (SIPS) signaling pathway. A variety of stimuli, such as telomere erosion, DNA damage, oncogene activation, oxidative stress, anticancer drugs and ionizing radiation, induce cell-cycle arrest and transcription of senescence-associated genes. Senescence signaling and growth arrest-response signaling pathways have been shown to overlap. Upon sensing senescence signals, the cell cycle checkpoint machinery can force the cell to exit the cell cycle via the CDK4 inhibitor p16 and the MDM2 inhibitor ARF. Senescence-inducing stimuli lead to upregulation of p21, which blocks the cyclin D/CDK4-mediated hyperphosphorylation of pRb, and provokes cell cycle arrest and, ultimately, cellular senescence. Alternatively, these events induce ARF, which blocks the activity of the p53 inhibitor MDM2 and thereby activates p53. One of the characteristics of senescent cells is a change in morphology, such as enlargement, flattening, and increased granularity. In addition, senescent cells or tissue exhibit increased activity of senescence-associated β-galactosidase (SA-β-gal), a reliable biomarker of senescence.](BMB-47-51-g0001){#F0001}

The SASP has been observed in a variety of both normal and cancerous senescent cells, and could affect the tumor microenvironment in an autocrine and paracrine manner. A number of reports have indicated that epithelial cells exposed to senescent human fibroblasts permanently lose their differentiated properties, become invasive, undergo neoplastic transformation, and stimulate tumor vascularization [@B046],[@B048]-[@B051]. On the basis these observations, it would be reasonable to infer that SASP factors are pro-tumorigenic. On the other hand, secreted proteins contribute an anti-tumorigenic action by promoting the elimination of senescent cells by the immune system. It was previously reported that senescent cells influence macrophage function and lymphocyte infiltration in the tumor environment by releasing SASP factors [@B052]. These secretory molecules trigger an immune response that serves to eliminate senescent cells. In addition, the maintenance of senescence is dependent upon the cell-autonomous signaling of interleukin-6 (IL-6) and IL-8 [@B053]. These contradictory effects of the SASP in cancer development pose a challenge for developing an understanding of its overall consequences based on separate, intensive examinations of its individual factors. However, these separate facets of the SASP do form a whole, and much of the complication arises from the dependence of the SASP on cell/tissue context. Within multicellular tissues, sophisticated lines of communication exist between senescent cells and their neighboring non-senescent cells, allowing for the specialized and harmonious activity of SASP factors. Elucidating the functional significance and molecular causes of the SASP is an important future research challenge.

Among typical SASP factors are interleukins, including IL-1, IL-6 and IL-8, which exert multiple phenotypic effects. It has been reported that members of the IL-1 family are upregulated and released by senescent endothelial cells and fibroblasts [@B054],[@B055]. Other pleiotropic inflammatory cytokines, namely IL-6 and IL-8, are secreted from cells that have senesced due to DNA damage, replicative exhaustion, and/or oncogenic insults [@B055]-[@B057]. IL-1α regulates its own synthesis in an autocrine, receptor-mediated, positive-feedback loop via NF-κB, and is a key positive regulator of IL-6 and IL-8 expression in senescence [@B054]. These reports indicate a biological hierarchy in the regulation of SASP components. Among the key players in the SASP are a variety of insulin-like growth factor-binding proteins (IGFBPs) and their regulators, IGFBP-rP1 and IGFBP-rP2 [@B058]-[@B060], which are expressed at high levels in senescent cells. Insulin-like growth factor (IGF) signaling via IGF receptors may contribute to the control of the mammalian life span [@B061]. Additionally, and critically important, senescent fibroblasts secrete increased levels of matrix remodeling-associated enzymes, typically matrix metalloproteinases (MMPs) [@B016],[@B062]. An important concept that has emerged from accumulating evidence is that proteolysis of the extracellular matrix by senescent cells can stimulate epithelial cell growth. For example, it has been shown that MMPs secreted by senescent fibroblasts are responsible for increasing the tumorigenicity of mammary epithelial cells, most likely by facilitating mitogenic and chemotactic signals [@B016],[@B046],[@B062],[@B063]. Other protein families involved in the SASP are serine proteases and regulators of the plasminogen activation pathway, namely urokinase- or tissue-type plasminogen activators (uPA or tPA), the uPA receptor (uPAR), and inhibitors of these serine proteases (PAI-1 and -2) [@B016],[@B064].

Remarkably, one of the most prominent effects of the SASP is to enhance the proliferation of epithelial cells. In the case of mammary epithelial cells, senescent human fibroblasts can stimulate the growth of pre-malignant and malignant mammary epithelial cells [@B046]. Radiation-exposed stromal cells, which are presumed to be senescent, have been shown to disarrange the mammary epithelial microenvironment and promote abnormal epithelial cell proliferation in the mammary gland [@B063],[@B065]. Senescent fibroblasts from the human prostate gland have been shown to create a local tissue microenvironment that leads to hyperproliferation of prostate epithelial cells [@B050]. Interestingly, malignant melanocytes express high levels of the C-X-C chemokine receptor-2 (CXCR2), and can be stimulated to grow by the CXCR2 ligands, GROα and IL-8 [@B066],[@B067]. Both GROα and IL-8 are part of the core SASP, suggesting that the senescent microenvironment may force or enable melanoma development. Importantly, vascular endothelial growth factor (VEGF), another SASP factor, can promote tumor progression by stimulating endothelial cell proliferation and increasing vessel formation [@B048],[@B068]. Thus, senescent cells support the differentiation of a new vasculature around and within a growing tumor.

Excessive release of secretory proteins by senescent cells is important for promoting cell migration and invasion. This activity is largely attributable to the secretion of MMPs by senescent cells [@B016],[@B069],[@B070]. In the case of breast cancer, high levels of IL-6 secreted by senescent fibroblasts are responsible for enhancing the invasiveness of cancer cells [@B071]. Moreover, the secretion of MMPs by senescent fibroblasts can enhance the invasion of multiple epithelial cell types [@B069], and senescent stromal cells may promote EMT, a feature that is important in enabling cancer cells to metastasize [@B072],[@B073]. Recently, we investigated the effect of proteins secreted from senescent tumor cells induced by ionizing radiation on normal and tumor cells. A proteomics approach revealed a number of differentially secreted proteins, including Raf kinase inhibitor protein (RKIP), α-enolase, A-kinase anchoring protein 9 (AKAP9), and MAP/microtubule affinity-regulating kinase 4 (MARK4) [@B074]. SASP factors secreted by senescent fibroblasts or hepatocytes have been implicated in the differentiation of circulating immune cells and their recruitment to tumor sites, which ultimately contribute to tumor immune surveillance [@B075]-[@B077]. These secreted factors also lead to inadequate immune responses within close proximity of senescent cells. It has also been reported that senescent fibroblasts might affect lymphocytic infiltration of tumors [@B013],[@B016],[@B072]. Either immune cells recruited by senescent cells or senescent cells *per se* secrete pro-angiogenic factors [@B072],[@B074]. Taken together, these observations indicate that, by stimulating neoplastic transformation and vascularization or enhancing tumor cell clearance through activation of the immune system, the SASP may negatively or positively affect cancer progression ([Fig. 2](#F0002){ref-type="fig"}).

![Pleiotropic nature of senescent cells. Senescent cancer cells positively and negatively affect the tumor microenvironment. In particular, the senescence-associated secretory phenotype (SASP) contributes to maintenance of the senescent state and the growth arrest (autocrine effect) of senescent cells. Senescent cells also exhibit pro-inflammatory responses through the production of cytokines and chemokines. In addition to inflammatory factors, matrix-remodeling factors alter the tissue microenvironment and enhance cancer cell proliferation, angiogenesis, and metastasis. Anti-inflammatory cytokines, which are released into the extracellular compartment by senescent cells, mediate the elimination of tumor cells by recruiting immune cells to the tumor tissues. On the other hand, pro-inflammatory cytokines exert a cancer-promoting activity on nearby cancer cells by enhancing tumorigenesis (paracrine effects).](BMB-47-51-g0002){#F0002}

SENESCENCE AS AN ANTICANCER THERAPY
===================================

The rationale behind current anticancer strategies is to kill rapidly dividing cancer cells by causing extensive DNA damage with high doses of drugs or irradiation. However, delayed side effects of anticancer treatment, such as recurrence, secondary cancers and normal tissue damage from chemotherapy and radiotherapy, pose clinical problems for the cancer survivor. Findings from the senescence research field suggest the possibility of harnessing the tumor-suppressive potential of senescence, giving rise to the hypothesis that pro-senescence therapy involving the induction of a fixed cytostatic condition could be an effective way to treat cancer while lessening side effects [@B078],[@B079]. Importantly, treatment of cancer cells with chemotherapy or radiotherapy has been clearly shown to produce a senescent state, termed therapy-induced senescence (TIS), which principally involves the p53/p21 and p16/pRb pathways [@B080]. For example, a high concentration of doxorubicin induces apoptosis in human cancer cells, whereas a low concentration induces cellular senescence [@B026],[@B081],[@B082]. Senescence-inducing agents used in the management of human cancer are of clinical interest [@B080],[@B083]. Ionizing radiation (IR) also induces cellular senescence in cancer cells. The impact of IR on self-renewal capacity appears to be mediated through the induction of senescence, as evidenced by the close correlation between the extent of radiation-induced senescence and radiation sensitivity [@B011],[@B012],[@B026],[@B084]. One of the main objectives of radiotherapy research has been to develop more efficient ways to increase the efficacy of radiotherapy without causing toxicity to normal tissue [@B011]. Since low-dose IR exposure could efficiently induce SIPS, it could prove beneficial in radiotherapy by limiting damage to normal tissue. If key factors of TIS become inactivated in cancer, the result is acquired resistance to anticancer treatment and poor therapeutic outcome. Therefore, therapeutic approaches aimed at selectively inducing senescence could represent a promising strategy for cancer treatment.

One of the main concepts of prosenescence therapy that has emerged from recent reports is the importance of developing targeted therapeutics. A number of promising therapeutic approaches are currently under consideration, including inhibition of telomerase with the inhibitor, GRN 163L [@B085], and restoration of tumor suppressor function to mutant forms of p53 [@B075],[@B086]. These latter studies highlight the value of p53 as a target for prosenescence therapy, showing that restoring p53 function promotes tumor regression and tumor clearance via a senescence-inducing mechanism. These reports further support the concept that senescent tumor cells, but not non-senescent tumor cells, are efficiently eliminated by immune cells. Another interesting discovery is that p53-triggered senescence selectively affects tumor cells, leaving normal tissue totally unchanged [@B086]. Novel p53-targeting compounds developed to date include Ellipticine and PRIMA-1, which restore wild-type activity to p53 mutants, and nutlins, which inhibit the binding of p53 to MDM2 [@B087]-[@B089].

Extrapolating from the current findings to clinical applications, it may be possible to trigger oncogene-induced senescence (OIS) and PTEN-loss-induced cellular senescence (PICS) *in vivo* as an anticancer therapy [@B090]. It has been shown that oncogenic Ras expression is associated with enrichment of senescent cells in various cancer lesions [@B005],[@B091]. Similar to oncogenic Ras, the BRAF^V600E^ mutant induces an increase in the number of senescent cells in melanoma [@B092]. Since inactivation of c-Myc also triggers senescence in cancer cells, inhibition of c-Myc activity by small molecules could also prove to be an effective prosenescence therapy [@B093]. Inactivation of tumor suppressors promotes senescence in premalignant lesions. Importantly, it has been demonstrated that the PTEN inhibitor, VO-OHpic, drives senescence and inhibits tumorigenesis [@B090]. VO-OHpic thus represents an effective tool for evaluating the efficacy of drugs that modulate PICS-inducing pathways and developing protocols that improve responsiveness to current therapies. In particular, our data evidence that PTEN acts as a critical determinant of cell fate in the context of IR-induced senescence in human glioma cells [@B084]. We also discovered that c-Jun N-terminal kinase (JNK) and Wig1 (wild-type p53-induced gene 1) are promising therapeutic targets for prosenescence therapy [@B094],[@B095]. Loss of another tumor suppressor, VHL, also results in marked senescence in premalignant lesions, with induction of senescence [@B009]. Overall, a targeted prosenescence approach, keyed to the development of potential senescence inducing agents, could advance a therapeutic strategy that would ultimately improve cancer treatment outcome.

CONCLUDING REMARKS
==================

Since the discovery of senescence as permanent growth arrest, with its potential implications for aging, the biological significance of senescence has grown in conjunction with the recognition that various stimuli, including oncogenes, oxidative stress and anticancer therapy, prematurely induce cellular senescence not only in normal cells, but also cancer cells. Our expanded understanding of senescence as both a barrier to tumorigenesis and a determinant of the outcome of cancer treatment takes practical form in the concept of prosenescence therapy, which could be an important alternative or adjunct to chemotherapy or radiotherapy. The suggestion is that prosenescence therapy could improve the efficacy of cancer therapies and decrease their side effects in cancer patients. Indeed, several compounds with potential prosenescence therapy applications are currently undergoing clinical trials. However, caution is warranted because the complicated phenotypes of senescent cancer cells, for example the SASP, as noted above, may create potential problems in prosenescence therapy. For example, it is conceivable that the induction of senescence might give rise to remnant dormant tumor cells that represent the potential for cancer recurrence, specifically in the case of cancer stem cells. Therefore, a deeper understanding of the mechanisms responsible for senescence is required before the promise of prosenescence therapy can be realized.

This work was supported by a National Research Foundation of Korea (NRF) grant, funded by the Korean government (MSIP) (2012-M2B2B-2012055637). None of the authors has a conflict of interest related to the work reported in this manuscript.
